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Abstract

Background: Convalescent plasma (CP) has been widely used to treat COVID-19 and is under study. However, the
variability in the current clinical trials has averted its wide use in the current pandemic. We aimed to evaluate the
safety and efficacy of CP in severe coronavirus disease 2019 (COVID-19) in the early stages of the disease.

Methods: A randomized controlled clinical study was conducted on 101 patients admitted to the hospital with
confirmed severe COVID-19. Most participants had less than 14 days from symptoms onset and less than seven days
from hospitalization. Fifty patients were assigned to receive CP plus standard therapy (ST), and 51 were assigned to
receive ST alone. Participants in the CP arm received two doses of 250 mL each, transfused 24 h apart. All transfused
plasma was obtained from "super donors" that fulfilled the following criteria: titers of anti-SARS-CoV-2 S1 IgG > 1:3200
and IgA > 1:800 antibodies. The effect of transfused anti-IFN antibodies and the SARS-CoV-2 variants at the entry of
the study on the overall CP efficacy was evaluated. The primary outcomes were the reduction in viral load and the
increase in IgG and IgA antibodies at 28 days of follow-up. The per-protocol analysis included 91 patients.

Results: An early but transient increase in IgG anti-S1-SARS-CoV-2 antibody levels at day 4 post-transfusion was
observed (Estimated difference [ED], — 1.36; 95% Cl, — 2.33 to — 0.39; P =0.04). However, CP was not associated with
viral load reduction in any of the points evaluated. Analysis of secondary outcomes revealed that those patients in the
CP arm disclosed a shorter time to discharge (ED adjusted for mortality, 3.1 days; 95% Cl, 0.20 to 5.94; P=0.0361) or a
reduction of 2 points on the WHO scale when compared with the ST group (HR adjusted for mortality, 1.6; 95% Cl, 1.03
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to 2.5; P=0.0376). There were no benefits from CP on the rates of intensive care unit admission (HR, 0.82; 95% Cl, 0.35
to 1.9; P=0.6399), mechanical ventilation (HR, 0.66; 95% Cl, 0.25 to 1.7; P=0.4039), or mortality (HR, 3.2; 95% Cl, 0.64 to
16; P=0.1584). Anti-IFN antibodies and SARS-CoV-2 variants did not influence these results.

Conclusion: CP was not associated with viral load reduction, despite the early increase in IgG anti-SARS-CoV-2 anti-
bodies. However, CP is safe and could be a therapeutic option to reduce the hospital length of stay.
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Introduction

The current pandemic has challenged health systems
given the uncontrolled spread and high mortality of criti-
cally ill patients with coronavirus disease 2019 (COVID-
19). Convalescent plasma (CP) emerged as a potential
treatment for COVID-19 at the beginning of the pan-
demic [1]. This passive immunization strategy has been
used to prevent and manage infectious diseases since
the early twentieth century. This strategy has been previ-
ously implemented to treat several viral infections such
as Spanish influenza, parvovirus B19, HIN1, Ebola, and
other coronaviruses [1].

Some studies, including ours, showed that CP modu-
lates the inflammatory response during acute COVID-19
[2—4]. The CP decreased activated and effector T cells
and the IL-6/IFN-y and IL-6/IL-10 ratios while increasing
memory immune cells [2]. This was further confirmed by
an additional study in which modulation of IP-10 and
IL-6 was associated with improving hypoxia after CP
administration [4]. Most clinical studies conducted dur-
ing the pandemic confirmed that CP was implicated in
reducing inflammatory markers, which could be associ-
ated with better clinical outcomes [5].

Despite the current evidence on the likely beneficial
effects of CP for the treatment of COVID-19 via immu-
nomodulation, a meta-analysis of randomized controlled
trials (RCTs) showed that CP was not associated with a
reduction in mortality [6]. However, current evidence
must be taken with caution. Most published studies
exhibited high methodological variability in selection
criteria for donors and recipients, dosage, neutralizing
antibodies (NAbs) concentration, disease severity, and
outcomes, disclosing a high risk of bias [7]. On the other
hand, a substantial negative correlation between CP use
and mortality per admission in the United States offered
population-level evidence that CP decreases mortality in
COVID-19 and that the drop in utilization may have led
to additional fatalities [8].

In this line, the variability between real-world scenarios
and controlled clinical trials suggests that uncovered fac-
tors could influence the estimated efficacy of CP. Anti-
IFN antibodies are implicated in mortality during acute
COVID-19 [9]. However, whether passive transfusion

of these autoantibodies by CP could harbor deleteri-
ous effects on recipients is unknown. In addition, as the
pandemic evolved, several variants emerged with unpre-
dictable repercussions on the estimated efficacy of CP in
acute COVID-19.

Herein, we aimed to evaluate the safety and efficacy
of CP in severe patients with COVID-19. The central
hypothesis of this trial was that in patients with severe
COVID-19, treatment with CP would be associated with
a reduction of viral load and an increase in antibodies
against severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) at 28 days. In addition, we explored the
likely effect of transfused anti-IFN antibodies and the
SARS-CoV-2 variants at the entry of the study on the
overall CP efficacy.

Methods

Trial design

This study was a single-blinded, controlled, randomized,
multicenter trial conducted at three clinical centers in
Colombia: (1) Clinica de Occidente; (2) Clinica CES;
and (3) Hospital de Méderi. The study recruitment was
from August 8th, 2020, to November 13th, 2020. The
follow-up was completed on December 11th, 2020. Eligi-
ble participants were randomly assigned in a 1:1 ratio to
receive either CP and standard therapy (ST) or ST alone
(i.e., defined by institutional protocols). The institutional
review board of the Universidad del Rosario approved the
study design (Act. 421 CEI-UR). Written informed con-
sent was obtained from all participants, and the trial was
conducted following the principles stated in the Declara-
tion of Helsinki and Good Clinical Practice guidelines.
The protocol was registered under the NCT04332835
clinical trials number.

Inclusion and exclusion criteria

Inclusion criteria comprised the following: (1) signed
informed consent; (2) aged at least 18 years; (3) COVID-
19 diagnosis based on reverse transcriptase-polymer-
ase chain reaction (RT-PCR) testing; (4) hospitalized
patients; (5) Sequential Organ Failure Assessment score
(SOFA) <6 [10]; (6) severe cases according to Pneumonia
Diagnosis and Treatment Scheme for Novel Coronavirus
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Infection (Trial Version 7) [11]. Severe COVID-19 was
defined as respiratory distress with the following crite-
ria: > 30 breaths/minute in a resting state, oxygen satura-
tion of 90% or less on room air, or arterial partial pressure
of oxygen (PaO,)/fraction of inspired oxygen (FiO,) of
300 or less.

Exclusion criteria comprised the following: (1) preg-
nancy or breastfeeding; (2) patients with prior allergic
reactions to transfusions; (3) critically ill patients in an
intensive care unit (ICU): patients with requirement of
ICU defined by the clinician, requirement of vasopres-
sors, or mechanical ventilation; (4) patients with surgi-
cal procedures in the last 30 days; (5) subjects with active
treatment for cancer (i.e., radiotherapy or chemother-
apy); (6) diagnosed HIV in subjects with viral failure (i.e.,
detectable viral load>1000 copies/mL, two consecutive
viral load measurements within a 3-month interval, with
medication adherence between measurements after at
least six months of starting a new regimen of antiretrovi-
rals); (7) subjects with a confirmed infection that explains
clinical manifestations; (8) end-stage kidney disease
(i.e., glomerular filtration rate <15 ml/min/1.73 m?); (9)
Child-Pugh C stage liver cirrhosis; (10) high cardiac out-
put diseases; (11) autoimmune diseases or Immunoglob-
ulin A nephropathy; and (12) subjects not willing to sign
a written informed consent. The time frame was not con-
sidered an exclusion or inclusion criteria for the study.
However, all the patients received transfusions within the
first seven days of hospitalization.

Randomization, masking and blinding

The study investigators screened potential study partici-
pants for eligibility prior to randomization. A maximum
lapse of 24 h was allowed for the screening and consent
process. A completely blocked randomized design to
form the allocation list for the two comparison groups.
A computer random number generator was used to build
random permuted blocks with a block size of four and
an equal allocation ratio. The randomization process
was carried out by the designated blinded investigator,
who did not acknowledge the treatment assignment. The
study statistics team was also blinded to elaborate interim
analysis and safety reports. Both participants and the
clinical research team were unblinded to the treatment
assignment.

Procurement of convalescent plasma

The pre-donation process included the following steps/
criteria: (1) signed informed consent; (2) aged between
18 and 65 years; (3) subjects with a laboratory-confirmed
COVID-19 diagnosis by RT-PCR having been hospital-
ized but not at ICU, discharged, and recovered between
14 and 30 days before the pre-donation assessment; (4)
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two consecutive negative RT-PCR results from naso-
pharyngeal swabs within 48 h before donation; (5)
women were only accepted if they did not have preg-
nancy history or a current suspicion of pregnancy; (6)
negativity for HIV, hepatitis B and C virus, HTLV 1 and 2,
syphilis, and Trypanosoma cruzi infection.

Furthermore, plasma values of IgG 1:3200 and IgA
1:800 for SARS-CoV-2 antibodies (by Enzyme-Linked
ImmunoSorbent Assay—ELISA -, Euroimmun, Liibeck,
Germany) were considered to be a "super donor" for
plasmapheresis. As previously reported, these thresholds
secured a minimal plaque reduction neutralization test
(PRNT,,) > 1:256 [2]. Approximately 800 mL of plasma
were collected from donors. Prior to freezing, pathogen
inactivation with Riboflavin followed by UV light expo-
sure was performed [12].

Intervention

Data curators were unaware of the treatment assign-
ments. Each transfusion dose of CP was 250 mL (i.e.,
patients received two doses for a total of 500 mL within
48 h of study inclusion). In most cases, the transfused
CP ABO type was compatible with the recipient’s ABO
type. CP transfusion was administered at 3 ml/min with
close monitoring for the first 30 min and regular moni-
toring over the following 6 h. ST consisted of sympto-
matic control and supportive care for COVID-19. This
treatment was based upon recommendations from the
Colombian Association of Infectology and institutional
protocols, including management with antibiotics, cor-
ticosteroids, oxygen, or anticoagulants [13]. Both plasma
recipients and ST groups received this treatment. None
of the patients received experimental therapies, includ-
ing tocilizumab, ivermectin, colchicine, antimalarials, or
antivirals.

Clinical outcomes

Primary outcomes were: (1) reduction of viral load and
(2) increase in titers of IgG and IgA for SARS-CoV-2.
Secondary outcomes were as follows: (1) proportion
of patients with the requirement of ICU admission; (2)
proportion of patients with the requirement of invasive
mechanical ventilation; (3) length of hospital stay; (4)
adverse events; (5) improvement of 2 points in the World
Health Organization (WHO) ordinal scale for clinical
improvement [14]; and (6) proportion of mortality. Pri-
mary and secondary outcomes were evaluated on days 4,
7, 14, and 28 after the infusion of CP, except for total anti-
bodies, which were measured on days 4 and 28.

Laboratory evaluation
The viral load was measured using the Ampliphi ©
RT >-qPCR SARS-CoV-2 Viral Load Kit (www.ampliphi.
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co). The Euroimmun anti-SARS-CoV-2 ELISA (Euro-
immun, Luebeck, Germany) was used for serologi-
cal detection of human IgG and IgA antibodies against
the SARS-CoV-2 S1 structural protein, in accordance
with the manufacturer’s instructions. The ratio inter-
pretation was<0.8=negative,>0.8 to<1.1=border-
line,> 1.1 =positive [15-17]. Antibody titration was
performed using serial dilutions of serum samples of
1:100 on days 0 and 1:200 on days 4 and 28. Anti-IFN
antibodies were evaluated as previously described in all
super donors and 97 out of 101 randomized patients [9].

Whole genomes sequencing and analyses

Whole-genome sequencing of SARS-CoV-2 was per-
formed using Oxford Nanopore’s MinlON platform,
and the MinKNOW application (v1.5.5) according to the
established protocol (https://artic.network/ncov-2019).
The bioinformatics analysis was performed following
the algorithm for MinION sequences described in the
ARTIC bioinformatics pipeline (https://artic.network/
ncov-2019/ncov2019-bioinformatics-sop.html). Once
the assemblies were obtained, typing was performed for
those genomes with at least 60% coverage and maxi-
mum 40% Ns based on the Pangolin COVID-19 Lineage
Assigner (Phylogenetic Assignment of Named Global
Outbreak LINeages) [18].

Comparative genomics analyses were developed to
evaluate the phylogenomic relationships for the 43
genomes obtained in this study in the context of 2,170
genomes from a representative selection of all SARS-
CoV-2 lineages obtained from NextClade tool v 1.5.4
(https://clades.nextstrain.org/). For this, the total dataset
with 2,213 genomes was aligned and used to build a max-
imum likelihood (ML) in NextClade following the pipe-
line of analysis previously published [19].

A mutational analysis was performed over the 43
SARS-CoV-2 whole genome sequences obtained in this
study using the NextClade tool. The presence and fre-
quency of mutations were assessed for all the genomes
using as reference the genome from Wuhan, China
(hCoV-19/Wuhan/Hu-1/2019, GenBank accession num-
ber: NC_045512.2). Furthermore, the nucleotide varia-
tion among samples with different collection day after
the treatment (standard or plasma) was compared, for
the following five patients: (1) RC022, with three samples
(collection day 0, 4 and 14 after a standard treatment);
a second patient; (2) RC054, with two samples (collec-
tion day 0 and 4 after the plasma treatment); (3) RC058
with two samples (collection day 0 and 7 after a stand-
ard treatment); (4) RC076, with two samples (collection
day 0 and 14 after a standard treatment); and (5) RC083
with two samples (collection day 0 and 7 after a standard
treatment).
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Data collection and clinical follow-up

Demographics, comorbid conditions, and concomi-
tant medications were recorded at enrollment. Cas-
tor EDC was used for data collection (***https://www.
castoredc.com/). Patients were clinically followed for
28 days after enrollment. Clinical and paraclinical param-
eters were obtained using a standardized form. The for-
mer comprised all the variables that were included in
the global COVID-19 clinical platform from the WHO
[20]. The biological baseline (day 0) included viral load,
blood gases, a laboratory surrogate of a possible throm-
botic process (D-Dimer), hematological, inflammatory,
hepatic, and renal parameters. These measurements were
repeated on days 4, 7, 14, and 28. In the case of an earlier
hospital discharge, the in-hospital follow-up was sched-
uled on days 4, 7, 14, and 28 to look for clinical outcomes
and adverse events until day 28, in compliance with cur-
rent healthcare protection policies. Adverse events were
registered and reported on an ongoing basis.

Sample size and statistical analysis

We included 92 patients, 46 in each group. The sample
size calculation for the trial was performed using the
STATA 16.0 software, in the binary outcomes sub-mod-
ule and comparison of the results with the chi-square
test, under a unilateral hypothesis test, using the fol-
lowing assumptions: a error: 0.05, Power (1-f): 0.90,
minimum expected difference: 0.30, the proportion of
patients with an unfavorable result in the experimental
group: 0.35, the proportion of patients with an unfavora-
ble outcome in the control group: 0.65, Ratio 1:1 between
the experimental group and the control group. We con-
sidered a maximum expected proportion of losses: 0.25.

In the univariate analysis, categorical variables were
analyzed using frequencies, and continuous quantitative
variables were expressed as the mean and standard devia-
tion (SD) or the median and interquartile range (IQR)
according to the observed distribution. The Fisher exact
tests or Mann—Whitney U-test were used based on the
results.

Viral load was analyzed after log,, transformation; all
other parameters were analyzed without additional data
transformation. Due to the longitudinal nature of the
study and in order to identify clinically and statistically
essential characteristics, generalized linear mixed mod-
els (GLMMs) were used, as recommended [21-28]. Delta
change of log,, viral load and the ratio of antibodies were
analyzed with a linear mixed model for repeated meas-
ures, based on a covariance structure of variance com-
ponents. To quantify effect sizes, their parameters were
estimated using the Minimum Quadratic Unbiased Vari-
ance Estimation method.
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g(1ij) = Bo + P1Group; + paDay; + BsGroup; x Day;; + b;

where g(u;) is the link function, i =1,2,---,n and
j=1,2,---,n; Also, b, is a random intercept which is
helpful to model deviations from the mean model. For
delta change of viral load and SARS-CoV-2 IgG and IgA
ratios, post hoc comparison of means was based on both
adjusted Bonferroni p-values and Fisher’s protected least
significant differences procedure using t statistics based
on Satterwhaite’s approximation. The same model was
used for the probability of viral load negativization but
based on the logistic link function.

A Cox proportional hazard regression model to evalu-
ate time to death, time to ICU admission, time to MV,
and time to clinical improvement to estimate the Hazard
Ratios (HR) was used. The estimation of HR for clinical
improvement was adjusted for mortality. All assumptions
for these models were met. In addition, we implemented
the Kaplan Meier method to estimate the cumulative
incidence as a function of time. We conducted a linear
model adjusted for mortality for days of hospitalization,
and a post-hoc comparison between groups was esti-
mated. All association measures were presented with
95% confidence intervals (95% CI). Subgroup analyses
were not conducted. All analyses were performed with R
version 4.0.1.

Results

Patients

Overall, 101 patients underwent randomization. Fifty
patients were assigned to receive CP plus ST, and 51 were
assigned to receive ST alone. We included all randomized
patients in the analysis according to the randomization
arm, except those who withdrew after randomization,
were transferred to other facilities, a patient transfused
with non-competent CP, and a patient with rheumatoid
arthritis. The per-protocol analysis included a total of 91
patients (Fig. 1).

The general characteristics of patients are shown in
Table 1. The median age of the patients and coexisting
conditions at entry into the trial were similar between
groups. Most of the patients included were men, and
the therapeutics implemented on admission were com-
parable. The median time to inclusion from symptom
onset was ten days, and the median time from hospital
admission to plasma transfusion was 2.5 days. Oxygen
saturation below 90% and a PaO,/FiO, of 300 or less were
the most common severity criteria for enrollment. All
patients were receiving oxygen at the time of entry into
the trial and presented a WHO scale score between 4 and
5, and the 4C Mortality and CHOSEN scores did not dif-
fer between groups. Levels of biomarkers for inflamma-
tion and organic dysfunction were similar.

Page 5 of 15

Primary outcomes

Analysis of primary outcomes revealed that administra-
tion of CP was not associated with an increased probabil-
ity of negativization or reduction of viral load during the
28-day follow-up (Fig. 2A, B). At baseline, IgG (Estimated
difference [ED], —0.23; 95% CI, — 1.54 to 1.07; P=0.7227)
and IgA (ED,—0.9; 95% CI,—2.22 to 0.42; P=0.1783)
anti-S1-SARS-CoV-2 antibodies were similar between
groups. Then, CP administration was associated with an
early but transient increase in IgG antibodies levels at day
4 post-transfusion (ED,—1.36; 95% CI, —2.33 to—0.39;
P=0.0387), but not in IgA antibodies (ED,—0.79; 95%
CL —1.77 to 0.19; P=0.1975) (Fig. 2C). After 28 days of
follow-up, IgG and IgA antibodies levels were similar
between the two arms of treatment (Fig. 2D).

Secondary outcomes

Analysis of secondary outcomes revealed that the CP
arm discloses a shorter time to discharge or reduction in
2 points in the WHO ordinal scale compared with the ST
arm (HR adjusted for mortality, 1.6; 95% CI, 1.03 to 2.5;
P=0.0376) (Fig. 3A). Mean hospitalization days in the
CP arm was 11.1 (95% CI, 8.3 to 14.0), while in the ST
arm, it was 14.2 days (95% CI, 11.1 to 17.3) (ED adjusted
for mortality, 3.1 days; 95% CI, 0.20 to 5.94; P=0.0361)
(Fig. 3B). ICU admission was observed in 10 patients
(22%) who received CP, and in 12 patients who received
ST (27%) (HR, 0.82; 95% CI, 0.35 to 1.9; P=0.6399).
Mechanical ventilation was registered in 7 (15%) patients
who received CP, and in 10 (22%) who received ST (HR,
0.66; 95% CI, 0.25 to 1.7; P=0.4039). Death was observed
in 6 and 2 patients who received CP (13%) and ST (4%),
respectively (HR, 3.2; 95% CI, 0.64 to 16; P=0.1584)
(Fig. 3C—E).

Safety

Only 1 (2.17%) infusion-related adverse event was
observed in the CP group (mild rash with pruritus and
palpebral edema). There were no differences in the over-
all incidence of adverse events (odds ratio [OR], 0.87; 95%
CI, 0.32 to 2.36) or serious adverse events (OR, 0.78; 95%
CL, 0.27 to 2.18) (Table 2).

IFN autoantibodies

From 21 super donors recruited for the study, one (4.8%)
presented neutralization activity for anti-IFN« and two
(9.5%) for anti-IFNw. Two patients who received plasma
with these autoantibodies survived and did not present
adverse outcomes during the follow-up. In addition, neu-
tralizing activity at the entry of the clinical trial for anti-
IFNoa and anti-IFNw was found in 5/97 (5.2%) and 3/97
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588 Patients were assessed
for eligibility

487 Were excluded

- 384 Did not fulfil inclusion
criteria

+ 91 Refuse to participate

« 6 Had imminent and
inevitable progression to
ICU

+ 6 Incompatibility with CP

101 Underwent randomization

50 Were assigned to receive
CP + standard therapy

2 Did not received CP
(Withdrew)

1 Did not fulfil
inclusion criteria
(Rheumatoid arthritis)

1 Received CP
(non-super donor CP)

46 Were included in the
per-protocol analysis

6 Died before day 28

40 (87%)
Completed the trial

Fig. 1 Enrollment and Randomization

51 Were assigned to receive
standard therapy

4 Did not received
standard therapy
(Withdrew)

2 Transferred to other
facility

45 Were included in the
per-protocol analysis

2 Died before day 28

43 (96%)
Completed the trial

(3.1%) patients, respectively. None of the patients with
these autoantibodies were admitted to ICU, required
mechanical ventilation, or died.

SARS-CoV-2 variants
A total of 43 SARS-CoV-2 genomes from 32 patients (12
and 20 patients from CP and ST groups, respectively)

were sequenced, assembled, and classified through
the lineage assigner Pangolin. From the 43 sequences,
41.9% was classified as B.1, followed by the lineages
B.1.420, B.1.111, B.1.177.73, and B.1.465, with a pro-
portion of 25.6%, 23.3%, 2.3%, and 2.3%, respectively.
Additionally, the lineage P.1, also known as the Variant
of Concern (VOC) Gamma, was found in the analysis
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Table 1 General Characteristics of Patients with COVID-19
Variable Standard therapy (n =45) Plasma recipients (n =46) P value®
Demographics
Sex (%) 0.8210
Female 14 (31.1) 13(28.3)

Male 31(68.9) 33(71.7)

Age (Median—IQR) 54 (48—59) 55.5(38—62.8) 0.8333

BMI (Median—IQR) 28.2(26.1—30.5) 309 (27.8—35.2) 0.0011
Therapy (%)

Corticosteroids 43 (95.6%) 45 (97.8%) 0.6166
Antibiotics 22 (48.9%) 22 (47.8%) 1.0000

NSAIDs 0 (0.0%) 1(2.2%) 1.0000
Heparin 42 (93.3%) 45 (97.8%) 1.0000
Clinical characteristics
WHO scale (%) 0.8202
4 points 30/44 (68.2) 32/45(71.1)

5 points 14/44 (31.8) 13/45 (28.9)

Log viral load (Estimated mean—SE) 6.4 (0.57) 5.63(0.58) 1.0000
4C Mortality score (Median—IQR) 6(5-9) 7(53-9) 0.4850
CHOSEN score (Median—IQR) 17 (16 -31) 16.5 (10 -23.8) 0.0965
SOFA on inclusion (Median—IQR) 2(2—2) 2(2—2) 0.3728
Pa0,-FiO, on inclusion (Median—IQR) 1823 (123—233) 178 (111.6—249.7) 0.8728
Time from symptoms onset to inclusion (Days—Median—IQR) 10(7-11) 108-11) 0.2880
Time from symptoms onset to plasma transfusion (Days—Median—IQR) - 1109-12) -
Time from hospital admission to plasma transfusion (Days—Median—IQR) - 252-3) -
Comorbidities (%)

Hypertension 10(22.2) 13(28.3) 0.6308
Dyslipidemia 12 (26.7) 20 (43.5) 0.1248
Asthma 3(6.7) 1(2.2) 03610
CKD 3(6.7) 2(43) 0.6768
Acid-peptic disease 13(289) 9(19.6) 0.3357
Diabetes 6(13.3) 9(19.6) 0.5737
Current smoker 1(2.2) 2 (4.3) 1.0000
Former smoker 19 (42.2) 20 (43.5) 1.0000
Admission laboratories (Median—IQR)

Platelets x 10° per cubic millimeter 258 (211—327) 282 (223—348) 0.5596
Leucocytes 10,230 (7800—13,960) 9235 (6922.5—11,540) 0.0747
Lymphocytes 750 (590—1050) 985 (752.5—1355) 0.0080
Neutrophils 9150 (6600—12,500) 7865 (5667.5—9837) 0.0354
C reactive protein (mg/L) 7821 (21.6—121.8) 4930(14.21—111.82) 03718
Erythrocyte sedimentation rate (mm/hr) 30 (13—44) 25 (15—45) 0.6984
Albumin (g/dL) 35(3.27—3.74) 340 (3.21—3.68) 0.2802
Total bilirubin (umol/L) 049 (041—0.67) 0.46 (0.30—0.66) 0.1387
Urea (mg/dL) 189 (14.7 - 22.8) 15.75(14.13—23.11) 04436
Creatinine (mg/dL) 0.81 (0.66—0.92) 0.82 (0.7—0.95) 04506
Creatine kinase (U/L) 80 (47—185) 93 (50—173.3) 0.5516
D-Dimer (mg/L) 0.65 (0.33—1.06) 0.64 (045—1.07) 0.6031
Ferritin (ng/mL) 1199 (727.9—1921) 1399 (858—2161.5) 0.6856
Lactate dehydrogenase (U/L) 356 (294—446) 3735 (299—441.5) 0.7002
Procalcitonin (ng/mL) 0.17(011—037) 0.2 (0.10—042) 0.9968
Troponin T (hg/mL) 0.007 (0.003—0.37) 0.009 (0.005—0.34) 0.7142
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Table 1 (continued)
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2 p values for categorical variables obtained by Fisher’s exact test. Quantitative variables were analyzed by Mann-Whitney U-test. Differences of viral load at baseline
were obtained from the post hoc analysis from the generalized linear mixed model. Abbreviations: BMI: Body mass index; NSAIDs: Non-steroidal anti-inflammatory
drugs; SE: Standard error; SOFA: Sequential organ failure assessment; WHO: World health organization; IQR: Interquartile range; CKD: Chronic kidney disease
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performed with a proportion of 4.7% (Additional file 1:
Table S1A).

Most of the genomes analyzed in this study
(n=38/43) were grouped into two main monophy-
letic clusters that were labeled C1 and C2 (Fig. 4A).
Cl1 included 21 genomes that were mainly classified as
B.1.420 lineage and were collected from Bogota. This
cluster was closed to reference genomes from Colom-
bia and South America. Otherwise, C2 included 17
genomes belonging mostly to B.1.111 lineage with
an equitable origin distribution between Bogota and
Medellin (Fig. 4A).

Initially, we evaluated mutations of interest in the 43
samples analyzed. The results showed mutations mainly
in the region encoding the spike protein. The 100% of
sequences presented the mutation D614G, followed by
the E484K, N501Y, and Q677H mutations in a propor-
tion of 2.3%. Finally, the deletion of four nucleotides (del:
26,158:4) was identified, also in the spike protein (Addi-
tional file 1: Table S1B).

We identified substitutions in the five patients in whom
samples were obtained for genotyping before and after
treatment (Fig. 4B). For patient 1 (RC022, ST group), we
identified sixteen substitutions; fourteen were shared
among all the days sampled, and two were found on
only one of the days. On day zero, one substitution was
identified, located in the ORFlab (A4992C: N1576T),
and on day 14, an additional substitution in the Spike
(T25159C). Fourteen substitutions were identified in
patient 2 (RC054, CP group). Seven were found in only
one day sampled; four on day zero (ORFlab: G8017T;
C10507T; G15380T: S6381 and C18877T) and three
on day 4 (ORFlab: G3483A: G1073E, A20268G, and
G20489T: C2341F).

Regarding patient 3 (RC058, ST group), sixteen sub-
stitutions were identified. Nine were shared among all
the days sampled, and seven substitutions were found
in only one of the days sampled but not on the oth-
ers. On day zero, four substitutions were found (three
on the ORFlab (C449T: P62S; C10507T and T14643C)
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and one in the S (T22016C)) and three substitutions
on day 7 (one on the ORFlab: A18366G; one in the
S: T23443C: W152R and one in the E: A26319G). For
the case of patient 4 (RC076, ST group); seven substi-
tutions were found in only one of the sampled days,
two of them identified on day zero (ORFlab: C1327T
and N: C28844T: R191C) and five on day 14 (ORF1lab:
G3483A: G1073E and C12822T: S4186F; N: C28854T:
S$194L and G28985T: G238C and ORF10: C29614T).

Finally, patient 5 (RC083, ST group) revealed sixteen
substitutions, two of them were found only on day 7:
ORFlab G8353A and C18252T (Fig. 4B).

There were no differences in the distribution of vari-
ants by treatment (Fisher’s exact test, P=0.8258). In
addition, none of the variants were associated with ICU
admission (Fisher’s exact test, P=1.0000), mechanical
ventilation (Fisher’s exact test, P=0.8659), or death
(Fisher’s exact test, P=0.0916).
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Table 2 Safety of convalescent plasma in the per-protocol

analysis
Adverse events Standard Plasma OR (95% Cl)
therapy recipients
(n=45) (n=46)
Overall 14 (31.1%) 13 (28.3%) 0.87 (0.32 10 2.36)
Serious 13 (28.9%) 11 (23.9%) 0.78 (0.27 t0 2.18)
MV 10 (22.2%) 7 (15.2%) -
ICU admission 0 (0.0%) 2 (4.4%) -
Pulmonary embo- 1(2.2%) 1(2.2%) -
lism
DVT 0 (0.0%) 1(2.2%) -
Pneumatocele 1(2.2%) 0 (0.0%) -
Readmission 1(2.2%) 0 (0.0%) -
Non-serious® 1(2.2%) 2 (4.4%) 2.0(0.10t0 120.54)
Rash with pruritus 1(2.2%) 1(2.2%) -
Palpebral edema 0 (0.0%) 1(2.2%) -

2 A patient presented rash with pruritus and palpebral edema after
administration of CP (related adverse event). CP: Convalescent plasma; DVT:
Deep venous thrombosis; ICU: Intensive care unit; MV: Mechanical ventilation;
OR: Odds ratio; Cl: Confidence interval

Discussion

In this study, conducted on severe COVID-19 patients,
CP was associated with a shorter hospital stay and early
clinical recovery. As expected, CP was associated with
higher levels of IgG antibodies post-transfusion, but this
phenomenon was not associated with viral load reduc-
tion. Mortality, the requirement of ICU, and mechani-
cal ventilation were not modified by CP administration.
None of these results seemed to be influenced by anti-
IFN antibodies or the SARS-CoV-2 variants.

It has been suggested that administration of a high titer
of anti-SARS-CoV-2 IgG antibodies could be associated
with better clinical outcomes in COVID-19 [29]. How-
ever, none of the published RCTs have determined the
minimum CP concentration of IgG or IgA antibodies to
substantially increase these antibodies in the recipients.
Simonovich et al. [30], showed that patients transfused
with CP exhibited a slight increase in titers of antibodies at
two days post-transfusion compared with placebo. How-
ever, this trend did not reach statistical significance. Both
groups showed similar levels of anti-SARS-CoV-2 anti-
bodies after 7 and 14 days of follow-up [30]. Patients from
that study received a minimum of 1:800 IgG SARS-CoV-2
antibodies [30]. In our study, CP containing > 1:3200 IgG
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antibodies significantly increased anti-SARS-CoV-2 post-
transfusion but lasted less than 4 days.

Data from observational studies suggested that CP
induced a reduction in viral load [31, 32]. The first RCT
showed that patients had negativization of viral load in
the first 72 h post-transfusion [33]. However, other stud-
ies showed no effect of CP on viral load kinetics [34, 35].
In ours, CP did not modify the probability of viral load
negativization or viral load reduction in RNA copies per
swab despite the high IgG and IgA antibodies transfused.
This is of interest since the primary mechanism of action of
CP in COVID-19 is thought to be related to SARS-CoV-2
neutralization. Thus, multidose regimens could be neces-
sary to maintain antibody levels and achieve adequate viral
clearance.

Concerning the lineages that affected patients, the
Pangolin lineage classifier showed that the 43 genomes
sequenced were clustered in six main lineages. The
majority were classified as B.1 (Additional file 1:
Table S1A), lineage primarily reported in Europe and
South America and with an origin associated with a
Northern Italian outbreak early in 2020 [36]. Addition-
ally, we describe the diversity dynamics of the virus by
identifying sub-lineages from the B.1 parental lineage,
and the presence of a variant widely associated with
the increased transmissibility, major viral load, immu-
nological escape, and the capacity of reinfections, as
VOC Gamma [37]. The phylogenomic analysis revealed
the existence of clusters C1 and C2 that corresponded
to the most abundant lineages B.1.420 and B.1.111,
respectively (Fig. 4A). These findings were consist-
ent with the lineage distribution profiles reported for
Colombia in the analyzed timeline [19]. Interestingly,
C2 (B.1.111) had a heterogeneous distribution in the
regions of origin (Bogota and Medellin), which shows
a loss of geographic delimitation of this lineage with
a high global distribution. Finally, analyzing the sub-
stitutions in the 43 genomes sequenced, we found not
only polymorphisms previously reported in the spike
gene (i.e., E484K, N501Y, and Q677H) (Additional
file 1: Table S1B), which could impact the transmission
rate and the effectivity of CP, due to capacity to gen-
erate immunological escape [18], but also the presence
of a mutational profile (Fig. 4B), in each of the lineages
identified. These results are consistent with previous
reports [38—40]. The appearance of new SARS-CoV-2

(See figure on next page.)

Fig. 4 Comparative genomics and nucleotide diversity analyses among SARS-CoV-2 genomes obtained in this study. A Phylogenomic relationships
using a maximum likelihood phylogeny obtained in Nextclade. B Whole-genome substitutions profiles for the eleven genomes from five patients
with more than one sample. Mismatches were identified by comparison with the Wuhan reference sequence (NC_045512.2). The substitutions
shared among each group of samples are represented in grey and the substitutions found on any of the sample’s days are represented in Red
(non-synonymous substitutions) or light green (SS: synonymous substitutions). Inside of each green box is described the type of substitutions
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mutations in the same variants throughout the study
reinforces the high viral mutation capacity observed in
both groups of patients. Further and larger studies are
required to evaluate the evolutionary forces associated
with this phenomenon.

Most of the published studies exhibited high meth-
odological variability in selection criteria for donors
and recipients, dosage, NAbs titers, disease severity,
and outcomes [7]. Thus, it is difficult to establish the
real therapeutic effect of CP over outcomes such as
mortality, mechanical ventilation, or ICU admission.
None of the early RCTs published showed benefits in
these outcomes in hospitalized [30, 33-35, 41-45], or
ambulatory patients [46]. Similarly, the RECOVERY
trial that was stopped early since high CP titers did not
improve survival in hospitalized COVID-19 patients
[47]. However, as the pandemic evolved, further RCTs
showed that the administration of CP in the early
stages of the disease and elderly patients was beneficial
[48, 49]. Although we found a slight increase in mortal-
ity in patients who received CP, the likelihood of this
outcome was not significant. A recent meta-analysis in
which 16.477 patients were included indicated that CP
is not associated with increasing or reducing mortality
rates [6]. However, this evidence must be taken with
caution since recent population-based data support its
utilization in the early stages of the disease with favora-
ble effects [8]. Further population-based studies may
help confirm its real therapeutic effect and the role of
CP from vaccinated donors.

In our study, patients treated with CP demonstrated
faster clinical recovery and shorter hospital stay (i.e.,
3.07 days less hospitalization). This is in line with the
results from Ray et al. [34] that found a shorter hospital
stay in patients treated with CP (i.e., 4 days). A recent
systematic review on CP showed that about 20% of the
studies had found a reduction in hospital length of stay
[5]. All the data mentioned above suggest that despite the
lack of influence on mortality, CP may help to reduce the
burden of the disease on the health system. This deserves
further cost-effective analysis to critically evaluate the
introduction of CP as initial therapy in hospitalized
patients with COVID-19.

The paradoxical effect of CP on early recovery without
an effect on mortality suggests that personalized selec-
tion of recipients could improve its efficacy. Park et al.
[50] showed that patients with preexisting conditions
(diabetes, cardiovascular and pulmonary diseases), blood
type A or AB, and at an early stage of COVID-19 (low
baseline WHO scores) were expected to benefit the most.
In contrast, those without preexisting conditions and at
later stages of COVID-19 could potentially be harmed.
This strategy may help increase the effectiveness of CP
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in real-life situations and allow new clinical trials to be
designed.

New-onset autoantibodies have been found in acute
COVID-19 [51], and latent polyautoimmunity seems to
influence deleterious outcomes in hospitalized patients
[52]. In addition, anti-IFN antibodies are implicated in
mortality and correlate with age [9]. Since most of the
collected plasma in our study was from patients with
prior history of hospitalization, we evaluated the fre-
quency and the effect of anti-IFN antibodies on clinical
outcomes. We found similar frequencies of positivity
to those reported in the literature (i.e.,~5%) [9, 53]. In
addition, we found that transfused anti-IFN antibodies
did not influence the clinical outcomes. Raadsen et al.
[54] showed that anti-IFN-a2 antibodies in COVID-19
CP donors were not neutralizing, thus suggesting that
despite the positivity of ELISA, these antibodies may have
a low influence on outcomes once they are transfused.
However, given the low frequency of these autoantibod-
ies in this cohort, larger studies are needed to confirm
that anti-IFN antibodies do not affect CP recipients with
COVID-19.

Our study has several strengths. We included patients
in the first 72 h of admission and in the first 14 days after
symptoms onset, which allowed evaluating the effects of
CP in the early stages of the disease. The timing of inclu-
sion guaranteed comparability in clinical progression and
disease staging. All included patients fulfilled the defini-
tion of severe COVID-19. In addition, transfused patients
received high-titer CP that surpassed the IgG anti-
SARS-CoV-2 antibodies used in prior RCTs. None of the
included patients received experimental treatments that
may have biased the estimations obtained in this study.

Limitations must be acknowledged. This was a single-
blinded trial. Thus, it was susceptible to bias in outcome
ascertainment by clinical doctors. In addition, the meas-
urement of viral load may have been influenced by tech-
nical factors that did not allow an accurate measurement
of this outcome. However, the analysis revealed that viral
load decreased in both groups equally, suggesting that
our results replicate the natural history of viral load in
COVID-19. There were no unexpected SARS-CoV-2
variants in the analyzed timeline. Thus, results should
be interpreted within this scenario. It is worth mention-
ing that studies on immunocompromised patients have
shown clinical benefits [55, 56]. However, we excluded
this group of patients.

Conclusions

This study found that CP reduced hospital length of stay
but not viral load, ICU requirement, mechanical venti-
lation, or mortality. Further cost-effective analyses are
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required to evaluate the inclusion of CP as additional
therapy to the conventional one.
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